pDC250 is a 52 kb conjugative cryptic plasmid from Erwinia stewartii strain SW2. This plasmid and its transposon-carrying derivatives, pDC25 1 and pDC252, were transmissible to E. chrysanthemi, E. amylovora, E. milletiae, E. herbicola, Escherichia coli, Shigella Jexneri and Salmonella arizonae. In Esch. coli, E. stewartii and E. chrysanthemi, pDC251 was stable and derepressed for conjugal transfer. Hybridization studies confirmed that pDC250 is widely distributed among E. stewartii straim and showed that it was also closely related to 34 kb plasmids found in strains lacking a 52 kb plasmid. The 34 kb plasmid from E. stewartii strain SS104, pDC140, was transformed into Esch. coli and compared with pDC250. Restriction mapping of the two plasmids revealed a nearly identical 20 kb region. In Esch. coli, pDC140 was unstable in the presence of pDC250.
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stewartii SS102 and SS104, E. chrysanthemi EC16, E. amylovora EA178, E. milletiae EM102, and E. herbicola EH103, EH105 and EL103 (received as 'E. lathyri') were obtained from the International Collection of Plant Pathogenic Bacteria (curator M. P. Starr, University of California, Davis, Calif., USA). Salmonella typhimurium, Salmonella arizonae and Shigellajexneri were obtained from W. Emch, Youngstown State University, Ohio, USA. An incompatibility test kit (received from E. Lederberg, The Plasmid Reference Center, Standford University, Calif., USA) contained the following plasmids in Esch. coli 553 : R386 (IncFI), R1 (IncFII), R124 (IncFIV), F,Zac (IncFV), R144 (IncIa), R621a (IncIy), R471a (IncM=L), R446b (IncL=M), N3 (IncN), R16 (IncB=O), R391 (IncJ), R394 (IncT), Rtsl (IncT), Sa (IncW), RP1 (IncP), R6K (IncX), R27 (IncHI=S) and R40a (IncC). Media and mating conditions. Culture media and mating procedures have been previously described (Coplin, 1978) . L broth and L agar were amended as appropriate with kanamycin (Km; 20 pg ml-I), tetracycline (Tc; 20 pg ml-I), carbenicillin (Cb; 100 pg ml-I), nalidixic acid (Nal; 20 pg ml-I), streptomycin (Sm; 50 pg ml-I) and rifampin (Rif; 20 pg ml-l ). Conjugation experiments were done with exponential phase cultures on nitrocellulose filters incubated over semi-solid L agar at 30 "C for 2 h. The donor to recipient ratio was 1 : 10 and transfer frequencies were expressed as transconjugants per input donor cell. Replica plate matings were done according to Miller (1972) .
Transformation of Esch. coli with pDCI40. An Esch. coli strain containing pDC140 was obtained by a modification of the transformation procedure of Maniatis et al. (1982) with indirect selection for plasmid pSC201 (Kretschmer et al., 1975) . Esch. coli HBlOl was transformed with a mixture of total SS104 plasmid DNA and pSC201 DNA in a ratio of between 500 : 1 and 1000 : 1. Transformants were selected for Tc resistance and then screened by agarose gel electrophoresis (AGE) for uptake of cryptic plasmids. A transformant containing pDC 140 was obtained and pSC201 was subsequently eliminated from this strain by growth at 45 "C.
Isolation and electrophoresis ojplasmid DNA. The rapid alkaline plasmid extraction method of Birnboim & Doly (1979) was used to screen for plasmids. Cells from 0.4 ml of an overnight L broth culture were used for plasmid isolation. The DNA was resuspended in sterile distilled water (40 pl) and 10 plO.l% (w/v) bromophenol blue and 40% (v/v) glycerol in TE buffer (10 mM-Tris/HCl, 1 mM-EDTA, pH 8.0), and a 10 to 15 p1 sample was electrophoesed in a horizontal 0.5% (w/v) agarose gel in TA buffer (40 mM-Tris/HCl, 20 mM-aCetiC acid, 2 mM-EDTA, pH 8.0) at 5.0 V cm-l for 4 to 5 h. Plasmids from E. stewartii strain SS104 were used as molecular size standards (Coplin et al., 1981) .
For large scale extraction of plasmid DNA, the alkaline denaturation method of Currier & Nester (1976) as tnodified by Currier & Morgan (1981) was used. The plasmid DNA was then purified twice by caesium chloridelethidium bromide density gradient centrifugation; gradients were centrifuged at 36000 r.p.m. in a Beckman Ti55 rotor for 48 h at 15 "C.
Restriction endonuclease digestions. Restriction endonucleases EcoRI and Hind111 were obtained from New England Biolabs; BamHI, KpnI, SmaI, PstI, Xbal and XhoI were obtained from BRL. Digestions were done according to the manufacturer's recommendations using 10 to 20 units of enzyme per pg DNA at 37 "C, except for HindIII, which was incubated at 55 "C. DNA was digested for 2 to 3 h, after which time the reactions were stopped by heating at 65 "C for 10 min. Restriction fragments were separated as above in an 0.8% (w/v) agarose gel electrophoresed at 1.5 V cm-I for 12 h. EcoRI and HindIII fragments of phage 1 DNA were used as molecular weight standards. Very small restriction fragments were separated using vertical PAGE (Laemmli, 1970) . A 7.5 % (w/v) separating gel (1 5-0 cm x 15.0 cm x 1.5 mm) was used with a 4.0% (w/v) stacking gel (1 cm high). Running buffer contained 89 mM-Tris, 89 mM-boric acid and 2 mM-EDTA (pH 8.0) and the gel was electrophoresed for 2 h at 40 mA.
For sequential digestions with HindIII and EcoRI, pDC250 DNA was digested with the first enzyme and the fragments separated by preparative electrophoresis in a 0.9% (w/v) low-melting-point agarose gel (BRL). Slices containing restriction fragments from the first digestion were melted at 65 "C and the DNA cleaved with the second enzyme according to Parker & Seed (1980) . Nick translation and Southern blot hybridization. All blot transfers were made using the procedure of Southern (1975) as modified by Wahl et al. (1979) . Plasmid DNA was labelled with a nick translation kit from BRL according to their recommendations, using either deoxyadenosine 5'-~t-[~~S]thiotriphosphate ([35S]dATTP) (80-100 pCi, 3.0-3.7 MBq; specific activity 406 Ci mmol-I, 15 TBq mmol-I) or [32P]dCTP (100 pCi, 3-7 MBq; specific activity 2 800 Ci mmol-*, 30 TBq mmol-l). The labelled DNA was separated from unincorporated nucleotides by batch chromatography on an Elutip-d column (Schleicher & Schull) as directed by the manufacturer. Hybridization solutions and conditions were those described by Maniatis et al. (1982) . For hybridizations using [3sS]dATTP labelled probes, all solutions contained 10 mM-DTT to reduce background. Blots were prehybridized at 65 "C for 4 to 6 h. Probe DNA was denatured by boiling for 10 min, and 2 x lo6 to 10' c.p.m. of labelled denatured probe were added per 100 cm2 of nitrocellulose filter paper. Blots were hybridized for 12 to 14 h at 65 "C and washed according to Maniatis et al. (1982) . For autoradiography of [35S]dATTP probed blots, filters were sprayed with En3Hance (New England Nuclear).
RESULTS

Isolation and construction of transposon-carrying derivatives of pDC250
Wild-type E. stewartii strain SW2, which contains 13 cryptic plasmids, was the source of pDC250 used in these experiments. To study the physical and genetic properties of pDC250 it was necessary to transfer it from SW2 into a plasmid-free host and to add selectable markers. Transfer to Esch. coli was detected by mobilizing a nonconjugative KmR plasmid, pML2. This plasmid was previously mobilized into SW2 by pRK212.1 (Coplin & Rowan, 1978) . SW2(pML2) was mated with Esch. coli AB1157; KmR StrR transconjugants were selected and tested for ability to redonate KmR to DC921 in replica plate matings. Only one of 200 KmR transconjugants contained pDC250; however, once in Esch. coli it was stable, even at 42 "C, and mobilized pML2 at frequencies up to 100% per donor cell. This high transfer frequency allowed pDC250 to be separated from pML2 in a second mating with DC921; AB1157(pDC250/pML2) was counterselected and DC921(pDC250) transconjugants identified by AGE.
A number of derivatives of pDC250 containing selectable markers were constructed for studies on its transfer functions and chromosome mobilizing ability. pDC250 was transferred to DC974, which is RecA-and has a copy of TnlO on its chromosome. This strain was then mated with DC921 and TcR NalR transconjugants were selected. A transconjugant was obtained which donated TcR at high frequency. The resulting pDC250 : : TnlO plasmid was designated pDC25 1. Transposition of Tnl from RP1 to pDC250 was achieved in SW2. In E. stewartii, RP1 and other IncP-1 plasmids transfer very poorly (< lo-' per donor cell). SW2(RP1) was mated with SW20 NalR and CbR NalR transconjugants were selected. The resulting strains were then tested for ability to redonate CbR to SW20 Rip. A pDC250 : :Tnl plasmid was obtained and designated pDC252. This plasmid was subsequently marked with TnlO as above and named pDC252.1. In each case, the increase in size of pDC250 due to transposon insertion was confirmed by AGE.
Conjugal transfer of pDC2.50
In intrageneric matings, pDC25 1 transferred within E. stewartii strains lacking 52 kb plasmids (i.e. SS102, SS104 and SW20) and within Esch. coli strains at frequencies from 40 to 100% per input donor cell ( Table 2 ), indicating that the tra genes of this plasmid are derepressed. This result confirmed the frequencies of pDC250 transfer inferred from our earlier pCRl * NalR mutants of all recipient strains were used to permit counterselection of the donor. The E. stewartii donor t Means of two or three experiments (2 h filter mating). strain was constructed by transfer of pDC251 from DC977 to SS102 RifR. mobilization experiments (Coplin & Rowan, 1978) . Intergeneric transfers between E. stewartii and Esch. coli occurred at frequencies over 40-fold lower. This effect is probably not due to restriction mechanisms because decreased transfer was observed even when the recipient used (DC921) was hsdM and hsdR. pDC251 could also be transferred from Esch. coli to certain strains of E. chrysanthemi, E. amylovora, E. milletiae, E. herbicola, Shigella jlexneri and Salmonella arizonae at frequencies between to transconjugants per donor cell. Acquisition of pDC25I was verified by AGE of plasmid DNA from two transconjugants from each mating. Transfer to Salmonella typhimurium, E. chrysanthemi EC16 and E. herbicola EL103 was not detected. In the one species tested, E. chrysanthemi EC523(pDC251) was able to redonate pDC251 to DC921 at a frequency of 7%.
Transfer of pDC251 was reduced when the E. stewartii recipient already contained a 52 kb plasmid (i.e. SW2, SWll and SW19). This could have Seen due to entry exclusion and/or incompatibility of the resident plasmid with pDC251. In each case, AGE of plasmid DNA from the transconjugants revealed that the resident 52 kb plasmid was displaced. In strains SS102, SS104 and SW20 that contain a 34 kb plasmid (pDC140 in strain SS104) instead of a 52 kb plasmid, the 34 kb plasmid had been displaced, but reduced transfer frequencies and instability of pDC251 were not observed. pDC140 was transformed into Esch. coli HBlOl by indirect selection for plasmid pSC201, which was subsequently cured from the bacterium. This strain, RDF8005, was incapable of mobilizing pML2 in triparental matings with DC921, suggesting that pDC140 is nonconjugative. pDC25 1 was conjugated into RDF8005 and selection maintained for TcR. Transfer occurred at 21 % per donor cell and examination of ten transconjugants by AGE revealed that pDC251 had displaced pDC140 in each. Hybridization of pDC2.50 with plasmids in diflerent strains Hybridization of 32P-labelled pDC250 DNA to Southern blots of plasmid DNA from seven wild-type strains of E. stewartii showed that pDC250 hybridized to a single plasmid in six of the strains. In strains SW2, SW3, SWll and SW14, it hybridized to a similar sized plasmid. However, in SS104 and SW20, which lacked a 52 kb plasmid, pDC250 hybridized strongly with a 34 kb plasmid (pDC140 in SS 104). pDC250 did not hybridize to any plasmids in SW211.
Hybridization of pDC250 DNA to blots of EcoRI-and HindIII-digested plasmid DNA from SS104 and SW20 revealed that the 34 kb plasmids in these two strains are probably identical and share many restriction fragments in common with pDC250. Furthermore, their restriction profiles matched that of purified pDC140 DNA.
Restriction mapping of pDC250 and pDCI40 pDC250 contained multiple cleavage sites for EcoRI and HindIII, single sites for SmaI, XhoI, XbaI, KpnI and PstI, and no site for BamHI. A restriction map of pDC250 (Fig. 1) was constructed from the fragments produced from single and double digests of the above enzymes and by sequential digestions with HindIII and EcoRI. Ambiguities in the HindIII-EcoRI map were resolved as follows: (i) the 0.71 and 0.76 kb EcoRI fragments (in the region from 18-6 to 20.1 kb) were ordered by partial EcoRI digestion of KpnI linearized DNA; (ii) the 1.44,4.91 and 0.58 kb HindIII fragments (10.0 to 16.9 kb) were ordered by partial HindIII digestion of pDC250 cut with either KpnI or SmaI; and (iii) the 2.96 and 2.89 EcoRI fragments (46.7 to 52.6 kb) were arranged by mapping Mu pf7701 insertions into these fragments in relation to nearby HindIII sites (McCammon et al., 1985) .
A restriction map of pDC140 was constructed as above (Fig. 1) ; however, the order of the 1.44, 4.93 and 0.62 kb HindIII fragments, the 0-72 and 0.77 kb EcoRI fragments, and the 1-30 and 0.97 EcoRI fragments was not determined. For purposes of comparison, the map in Fig. 1 has been drawn with these fragments in the same order as they are in pDC250. pDC140 was not cleaved by either BamHI or XbaI and has single sites for KpnI and XhoI.
Similarity in the restriction maps was confirmed by Southern blot hybridizations. All of the HindIII-EcoRI double digest fragments from pDC140 hybridized to a pDC250 probe. In the reciprocal experiment, all of the HindIII-EcoRI fragments from pDC250 hybridized with a pDC140 probe, except the 2.48 and 1.53 kb fragments, and only weak signals were obtained from the 3.54 and 9.42 kb fragments. These fragments loosely define a contiguous region of the pDC250 plasmid not present in pDC140,
Incompatibility tests
In a preliminary attempt to determine the incompatibility (Inc) group of pDC250, we hybridized it with plasmids from 16 different Inc groups of Esch. coli plasmids. pDC250
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hybridized very weakly to only Fofac (IncFV). In a previous study (Ashbaugh, 1980) , pDC140 appeared somewhat unstable in transconjugants of Rtsl (IncT), R394 (IncT), R16 (IncB=O), R144 (Inch), R40a (IncC) and R391 (IncJ). These plasmids were tested for incompatibility with pDC251 (or pDC252 in the case of R16, which is TcR) by transferring them into DC979 (or DC980) with selection for the introduced plasmid. Transconjugants were checked for loss of TcR (or CbR) and examined by AGE for the presence of both plasmids. In all cases, the test plasmid appeared compatible with pDC251 (or pDC252). In a separate experiment, pDC251 was found to be compatible with Fofac.
DISCUSSION
pDC250 is a 52 kb conjugative plasmid that is found in 55% of E. stewartii strains (Coplin et af., 1981) . The results of this study show that part of this replicon can also exist as 34 kb nonconjugative plasmid in strains lacking pDC250. The relatedness between pDC250 and pDC140 was shown by incompatibility, restriction mapping, and blot hybridization. This finding extends the distribution of this plasmid group to another 18% of the strains. Addition of selectable drug resistance markers to pDC250 allowed us to investigate its conjugal ability and host range. pDC251 was derepressed for conjugation and transferred to many genera in the Enterobacteriaceae. Once introduced into a new species, it was stable. Transfer frequencies were only measured within E. stewartii, E. chrysanthemi and Esch. cofi, but in these species transfer of pDC25 1 was derepressed, suggesting that this plasmid may function similarly in other enteric bacteria.
Hybridization experiments showed that pDC 140 was composed almost entirely of pDC250 sequences. It is unknown whether (i) both plasmids arose from a common progenitor, (ii) pDC250 arose by insertion of genes into pDC140, or (iii) pDC140 is a deletion mutant of pDC250. For purposes of this discussion, however, we will assume the latter viewpoint. pDC140 was 18 kb smaller than pDC250 and had a 20 kb region of its restriction map which was identical to that of pDC250, except for an additional site each for HindIII and PstI. Since pDC140 had four new EcoRI fragments and three new HindIII fragments it could not have arisen by a single deletion event; rather, it probably evolved by multiple deletions and rearrangements. Southern blots of pDC250 probed with pDC140 DNA revealed a contiguous region containing the 2.5 and 1.5 kb and portions of the 3.5 and 9.4 kb HindIII-EcoRI double digest fragments of pDC250 to be missing in pDC140. If the new SmaI site in pDC140 was formed by the deletion event and the HindIII site at 43-7 kb in pDC250 corresponds to the HindIII site at 26.0 kb in pDC140, then the deletion would be about 17.6 kb (from 23.0 to 40.6 kb on the pDC250 map in Fig. 1) . Further deletion and rearrangement may have occurred in the region around the XbaI site in pDC250.
The finding that pDC140 was related to pDC250 was unexpected since strains containing pDC140 were good recipients for pDC251. The instability of pDC140, but not pDC251, in strains containing both plasmids raises the possibility that pDC251 has two origins of replication, whereas pDC140 has only one. It is likely that the large region of pDC250 missing in pDC140 contains an origin of replication as well as tra genes.
So far, other phenotypic functions and the incompatibility group of these plasmids are unknown. Nevertheless, pDC250 has proven to be a useful tool in investigating E. stewartii genetics. We have used it as a vector for Mu pf7701 mutagenesis (McCammon et al., 1985) and to map chromosomal markers with a Mu-mediated gene transfer system ( S . L. McCammon & D. L. Coplin, unpublished) . The presence of a number of unique restriction enzyme sites could allow it to be used as a vector for cloning experiments. In view of the extended host range of pDC250 among enteric bacteria, derivatives of the plasmid may also be useful genetic tools for the study of other Erwinia species. 
